Links between positive affect (PA) and health have predominantly been investigated by using measures of recollected emotional states. Ecological momentary assessment is regarded as a more precise measure of experienced well-being. We analyzed data from the English Longitudinal Study of Aging, a representative cohort of older men and women living in England. PA was assessed by aggregating momentary assessments over a single day in 3,853 individuals aged 52 to 79 y who were followed up for an average of 5 y. Respondents in the lowest third of PA had a death rate of 7.3%, compared with 4.6% in the medium-PA group and 3.6% in the high-PA group. Cox proportional-hazards regression showed a hazard ratio of 0.498 (95% confidence interval, 0.345-0.721) in the high-PA compared with the low-PA group, adjusted for age and sex. This was attenuated to 0.646 (95% confidence interval, 0.436-0.958) after controlling for demographic factors, negative affect, depressed mood, health indicators, and health behaviors. Negative affect and depressed mood were not related to survival after adjustment for covariates. These findings indicate that experienced PA, even over a single day, has a graded relationship with survival that is not caused by baseline health status or other covariates. Momentary PA may be causally related to survival, or may be a marker of underlying biological, behavioral, or temperamental factors, although reverse causality cannot be conclusively ruled out. The results endorse the value of assessing experienced affect, and the importance of evaluating interventions that promote happiness in older populations. positive well-being | mortality | aging S ubjective well-being is being increasingly seen as an indicator of societal progress (1), and some countries are beginning to establish national well-being surveys (2). There is evidence that positive affective states and other measures of well-being are associated prospectively with longer survival and reduced risk of diseases of older age (3-9). Effects are maintained after initial health status and established risk factors are taken into account, and may also be independent of negative states such as depression (3, 10).
Links between positive affect (PA) and health have predominantly been investigated by using measures of recollected emotional states. Ecological momentary assessment is regarded as a more precise measure of experienced well-being. We analyzed data from the English Longitudinal Study of Aging, a representative cohort of older men and women living in England. PA was assessed by aggregating momentary assessments over a single day in 3,853 individuals aged 52 to 79 y who were followed up for an average of 5 y. Respondents in the lowest third of PA had a death rate of 7.3%, compared with 4.6% in the medium-PA group and 3.6% in the high-PA group. Cox proportional-hazards regression showed a hazard ratio of 0.498 (95% confidence interval, 0.345-0.721) in the high-PA compared with the low-PA group, adjusted for age and sex. This was attenuated to 0.646 (95% confidence interval, 0.436-0.958) after controlling for demographic factors, negative affect, depressed mood, health indicators, and health behaviors. Negative affect and depressed mood were not related to survival after adjustment for covariates. These findings indicate that experienced PA, even over a single day, has a graded relationship with survival that is not caused by baseline health status or other covariates. Momentary PA may be causally related to survival, or may be a marker of underlying biological, behavioral, or temperamental factors, although reverse causality cannot be conclusively ruled out. The results endorse the value of assessing experienced affect, and the importance of evaluating interventions that promote happiness in older populations. positive well-being | mortality | aging S ubjective well-being is being increasingly seen as an indicator of societal progress (1) , and some countries are beginning to establish national well-being surveys (2) . There is evidence that positive affective states and other measures of well-being are associated prospectively with longer survival and reduced risk of diseases of older age (3) (4) (5) (6) (7) (8) (9) . Effects are maintained after initial health status and established risk factors are taken into account, and may also be independent of negative states such as depression (3, 10) .
To date, studies relating positive well-being with mortality have mainly relied on assessments of recollected emotional states, in which people are asked to rate their feelings of happiness or well-being in general, either without any time frame (5, 6, 9, 11, 12) or over a specific time period such as the previous 4 wk (4, 8, 10, 13, 14) . Psychological research has established that recollected affect may diverge from actual experience because it is influenced by errors in recollection, recall biases, focusing illusions, and salient memory heuristics (15, 16) . This "memoryexperience gap" between life as it is remembered and life as it is experienced may be important to the processes through which the past impacts on future behavior (17) .
Methods of overcoming the limitations of retrospective measures include the use of ecological momentary assessment (EMA) (18) , and methods involving recall of the day before such as the day reconstruction method (19) and single or repeated assessments of the previous day (20, 21) . EMA is the only "real-time" procedure involving the collection of a number of ratings of how a person feels over a period of time. It allows variations in mood over time and in relation to events to be explored (22) . Here, we report the association between PA measured by using EMA and mortality over an average 5-y follow-up period in a large sample of men and women aged 52 to 79 y. We also evaluated the prognostic significance of negative affective states.
Results
Participants in the English Longitudinal Study of Aging (ELSA) who completed EMA over one 24-h period were divided into three PA groups based on the average of the momentary ratings. Those reporting higher PA were slightly younger and more likely to be male and married (Table 1 ). There were no differences in ethnicity, paid employment, or education, but a marginal difference in wealth. Higher PA was associated with less negative affect over the same day, lower depression scores, and less diagnosed depression in the previous 2 y. People with higher PA also reported better self-rated health, but there were no differences in the prevalence of serious illnesses including cancer, coronary heart disease (CHD), stroke, diabetes, and chronic lung disease. The groups did not differ in alcohol consumption, but smoking was less common and regular physical activity more common among individuals with higher PA.
On average, participants made their first EMA rating on waking in the morning at 7:01 AM ± 67 min (SD), and the second rating at 7:40 AM ± 63 min. These times did not vary among PA groups. Across the population as a whole, PA was lowest on waking and highest at 7:00 PM. The pattern of changes was slightly different across PA groups (P < 0.001), with larger increases across the day in the high and low compared with medium PA groups. There were no interactions between PA group and sex.
In the high-PA group, 3.6% of subjects (50 of 1,399) died, compared with 4.6% (70 of 1,530) of the medium-PA and 7.3% (67 of 924) of the low-PA group. Compared with the low-PA group, the age-and sex-adjusted hazard ratios (HRs) for highand medium-PA participants were 0.498 [95% confidence interval (CI), 0.345-0.721] and 0.671 (95% CI, 0.478-0.940; Table  2 ), respectively, indicating a graded relationship with mortality. Survival curves for the three PA groups are illustrated in Fig. 1 . The 50% reduction in risk of death in the high-compared with low-PA group was moderately attenuated when demographic factors, negative affect indicators, health status, and health behaviors were taken into account statistically ( Table 2 , models 2-5); the HR was 0.646 (95% CI, 0.436-0.958) in the high-affect group in the model adjusted for all these factors, and the HR was 0.800 (95% CI, 0.560-1.142) in the medium-PA group. Other independent predictors of death in the full model were older age, male sex, fair or poor self-rated health, diagnoses of cancer, stroke, and chronic lung disease at baseline, smoking, and lower physical This article is a PNAS Direct Submission. 1 To whom correspondence should be addressed. E-mail: a.steptoe@ucl.ac.uk.
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activity levels (Table S1 shows the complete regression model). In addition to the proportional-hazards regression based on tertiles of PA, logistic regression was carried out using the full range of PA scores. The odds ratio was significant (0.842; 95% CI, 0.732-0.969; P = 0.016) in the full model including all covariates, indicating that each unit increase in PA was associated with a reduction in the odds of survival.
Similar Cox regression analyses were carried out for negative affective states, dividing the population into tertiles of EMA negative affect, and comparing individuals with and without significant depressive symptoms. No associations were observed for EMA distressed affect, but depressive symptoms were related to increased mortality ( Table 3 ). The HR for elevated depressive symptoms was 1.680 (95% CI, 1.061-2.370) after adjustment for age, sex, and demographic factors, but decreased to 1.036 (95% CI, 0.720-1.492) after health indicators were included in the model. These analyses indicate that, unlike PA, the association between depressive symptoms and survival was strongly dependent on participants' baseline state of health.
We also sought to discover whether the prediction of mortality varied for momentary PA ratings obtained at different times of day. After adjustment for age, sex, demographic factors, negative affect indicators, and health, the association of high PA with lower mortality rate was comparable for ratings taken at different times of day: waking (HR, 0.680; 95% CI, 0.458-1.009), 30 min after waking (HR, 0.708; 95% CI, 0.464-1.080), 7:00 PM (HR, 0.663; 95% CI, 0.456-0.964), and at bedtime (HR, 0.554; 95% CI, 0.366-0.840).
A further set of analyses was carried out with data from individuals who died within 6 mo of the EMA assessment excluded to ensure that effects were not caused by preexisting terminal illness. The proportions of deaths were 3.5% in the high-PA group, 4.1% in the medium-PA group, and 7.0% in the low-PA group. The regression results are summarized in Table  S2 , and illustrate a very similar pattern to that found in the complete sample, albeit with wider CIs as a result of the smaller number of cases. The age-and sex-adjusted HR of 0.513 (95% CI, 0.354-0.744) in the high-PA group was attenuated to 0.652 (95% CI, 0.439-0.970) after adjustment for demographic factors, negative affect, health indicators, and health behaviors.
Discussion
The analyses described here indicate that the intensity of positive mood states assessed over a single day predicts mortality over the following 5 y in a graded fashion, with high PA being associated with substantially longer survival. The 50% reduction in mortality risk in the high-PA group was reduced to 35% when sociodemographic factors, initial health, indicators of depression, and major health behaviors were taken into account. Trends were very similar when deaths over the first 6 mo were excluded from the analyses, indicating that effects are unlikely to be caused by seriously ill people experiencing low PA before death. By con- trast, negative affective states were not associated with greater mortality after covariates had been taken into account. EMA and other measures of current affect are increasingly being used to investigate variations in positive well-being with age (21), relationships with wealth (20) , and psychopathology (22) . The association with mortality corroborates findings that have used retrospective questionnaires to measure affect (3). One previous study found that positive emotional experience measured several times a day over 7 d predicted reduced mortality over a 13-y period (23) . However, the study was smaller in scale (N = 111) and involved a sample deliberately selected for good health, and the analyses did not take into account socioeconomic status (SES) or preexisting health problems. Interestingly, momentary affect in the present study was relatively independent of sociodemographic factors and preexisting diagnosed illness. As shown in Table 1 , there was no association between PA and education and employment, or with the presence of cancer, CHD, stroke, diabetes, heart failure, or chronic lung disease at baseline. This compares with retrospective questionnaire measures of positive moods, which are more consistently associated with lower SES and the presence of serious illness (24, 25) .
Although controlling for the presence of diagnosed illnesses at baseline reduces the likelihood of effects being secondary to initial health status, it only partly rules out reverse causality. The reason is that undiagnosed or subclinical health problems and symptoms may impair positive well-being and contribute to mortality risk. We therefore included self-rated health as an additional covariate. Self-rated health has an established association with mortality (26) , and is an integrated indicator of subjective physical and mental symptoms and health appraisals (27) . However, in this sample, these factors accounted for only approximately 30% of the protective effect of PA. Other recent studies of mortality that used retrospective measures of wellbeing have demonstrated greater attenuation of effects when sociodemographic factors, health, and health behavior are taken into account (6, 9, 28) .
One reason why EMA measures may be more independently associated with health outcomes is that they provide more accurate indications of affective state. Neurobiological studies indicate that positive emotional states are linked with activity in the limbic system, including activation of central striatal dopaminergic systems (29) . These same regions of the central nervous system control biological processes such as autonomic regulation, neuroendocrine activation, and inflammatory responses (30) . It is notable that associations between PA and reduced cortisol output over the course of the day, as well as cardiovascular and cortisol responses to stress, have been more consistent when assessments have involved EMA or measures of affect over the day than with retrospective measures of positive well-being (31) .
An important issue in studies of positive well-being and health is the role of depression and other negative affective states (32, 33) . Depressed mood is known to be associated with CHD (34), cancer (35) , diabetes (36) , and other conditions. However, in the present analyses, the protective effect of PA remained after controlling for depression and EMA negative affect. Additionally, neither negative affect nor depressive symptoms were independent predictors of mortality after health indicators had been taken into account. This suggests that, in this older general population cohort, the absence of PA may be more important to health outcomes than the presence of negative affective states.
The present study has several limitations. EMA was carried out by only a subset of participants in ELSA; men and women who were in frail condition or aged 80 y or older were not asked to take part. The analyses were based on total mortality, and further research is required to explore associations with specific causes of death such as cardiovascular disease and cancer. The number of health behaviors included in the models was limited, and measures of food intake and body mass were not available. EMA was carried out over a single day, and only four sets of ratings were completed. The assessments were taken using pencil-and-paper diaries, so they lack the temporal precision of electronic techniques (18) . This protocol was constrained by the times needed for the assessment of cortisol, and measures at more times of day would have been desirable for measuring the profile of mood change with greater precision.
These results do not establish that effects are causal. Momentary PA may be a marker of underlying biological processes, or unmeasured behavioral or temperamental factors that are responsible for the survival effects. Nevertheless, the present study lends weight to the value of assessing experienced affect, by indicating robust and graded associations with future mortality. The present findings provide further reason to target the positive well-being of older people. In addition to addressing the health status and material circumstances of older people, efforts to improve affective states may have beneficial health consequences.
Materials and Methods
Participants. The present data were collected as part of the ELSA, a longitudinal panel study of noninstitutionalized men and women aged 50 y or older living in England in 2002 (37) . The core ELSA sample was drawn from households participating in the Health Survey for England over the years 1998, 1999, and 2001 (19,924 eligible individuals), of whom 2,605 had died before 2002. The baseline core sample consisted of 11,391 individuals. Comparison of the sociodemographic characteristics of participants against results from the national census showed that the sample was representative of the English population.
The data analyzed here collected in wave two of ELSA (2004), when the response rate was 81.5% (38) . A subset of participants aged less than 80 y was asked to take four saliva samples at home over a single day for the assessment of cortisol, and to complete a logbook at the same time. The cortisol data are not currently available, but the EMA data are derived from the logbooks. The number of individuals who provided saliva samples was 4,732, of whom 3,853 (83%) completed the EMA assessments, consented to mortality follow-up, and provided data on wealth, longstanding illness, and other relevant variables. Individuals who completed EMA were younger on average (mean, 64.30 ± 7.40 y vs. 68.21 ± 7.23 y; t-statistic = 10.92; P < 0.001) and more likely to be married (74.2% vs. 54.9%; χ 2 = 73.13; P < 0.001), in paid employment (32.0% vs. 15.4%; χ 2 = 62.60; P < 0.001), and wealthier (χ 2 = 82.05; P < 0.001) than those who failed to complete the logbooks.
EMAs of Affect. Affect measures were obtained at four time points over the course of the day: on waking, 30 min after waking, at 7:00 PM, and at bedtime. At each time, participants were asked to rate the extent to which they felt happy, excited, content, worried, anxious, and fearful on four-point scales ranging from 1, indicating "not at all," to 4, indicating "extremely." PA was computed by summing the three positive states (happy, excited, and content), and negative affect by summing worried, anxious, and fearful states. The internal consistency for positive and negative affect measures was good (Cronbach α-values of 0.90 and 0.92, respectively). It should be noted that the moods incorporated into the negative affect measure centered on anxiety and worry, rather than on other aspects of negative affect such as sadness or anger (39) , so we also included a measure of depressive symptoms in the analyses. Ratings for the four time points were averaged to generate aggregate EMA positive and distressed affect measures, ranging from three to 12, with higher scores indicating greater affect. Other Measures. Information was available about age, sex, ethnicity, paid employment, and marital status. SES was indexed by total wealth, net of debt, including the value of any home and other property (less mortgage), financial assets covering all types of savings available in England, and the value of any business assets and physical wealth such as artwork and jewelry. Wealth is the most robust indicator of socioeconomic circumstances in ELSA (37) . Quintiles of wealth were computed separately for participants younger than age 65 y and 65 y or older. Depression was measured using the eight-item Center for Epidemiologic Studies Depression Scale (CES-D). Participants reporting three or more symptoms were classified as having significant symptoms of de-pression. This scale has been found to have acceptable internal reliability (α = 0.90 in this sample) and validity (40) . Participants were also categorized on whether they had been diagnosed with a depressive illness in the previous 2 y.
Health was assessed with two sets of measures. First, information was collected about diagnoses of cancer, CHD, stroke, diabetes, heart failure, and chronic lung disease. Second, self-rated health was used as an indicator of subclinical or undiagnosed health problems (27) . Participants were categorized into those who rated their health as excellent, very good, or good in comparison with fair or poor. Current smoking, participation in vigorous or moderate activity at least once per week, and drinking alcohol at least daily were also assessed.
Procedure. Wave two of ELSA involved a computer-assisted personal interview, a self-completed questionnaire, and a nurse visit to each participant's home. At the nurse visit, the saliva sampling procedure and logbook were explained to participants, and they were instructed to return the samples and logbooks in a prepaid envelope. Participants were asked to carry out the assessments on a weekday. The saliva samples have not yet been analyzed.
Statistical Analysis. Participants were divided into low-, medium-, and high-PA groups of aggregate EMA. Grouping was based on tertiles, but group sizes differed because of ties in ratings. Comparisons between groups on covariates were carried out by using χ 2 analysis for categorical data and ANOVA for continuous variables. Patterns of PA over the course of the day were analyzed by using repeated-measures ANOVA with sex and PA group as between-person factors and time of day as the within-person factor. Cox proportional-hazards regression models were used to estimate HRs of death and 95% CIs associated with higher PA. In the full sample, five models were tested. Model 1 was adjusted for age and sex. Demographic factors (wealth, education, marital status, and employment status) were added in model 2; ethnicity was excluded from this model because the proportion of ethnic minority participants was very small. Indicators of negative affect (EMA negative affect, CES-D scores, and diagnosis of depression) were added in model 3 to discover whether associations between PA and mortality were independent of negative mood states. Model 4 added health indicators (limiting longstanding illness, cancer, CHD, stroke, diabetes, and chronic lung disease at baseline), and health behaviors (smoking, physical activity, alcohol intake) were included in model 5. In addition, further analyses were carried out on participants who survived for at least 6 mo. To determine whether associations between EMA PA and survival were present across the complete distribution of affect scores, logistic regression on mortality involving mean PA ratings was also carried out. Cox regression analysis was also carried out comparing tertiles of negative affect, and participants with and without elevated depressive symptoms. Analyses were carried out using SPSS version 18 and STATA version 8 programs.
